The Enriched Semantic Network (ESN) 
Introduction
The Unified Medical Language System (UMLS) [1, 2, 3, 4] was designed by the National Library of Medicine (NLM) to overcome problems arising from discrepancies between various medical terminologies. Its concepts reside in a repository called the Metathesaurus (META) [5, 6] . Currently, there are about 871,000 concepts [7] . The Semantic Network (SN) provides an overarching abstraction of the META [8] . The network, consisting of 134 nodes (called semantic types [9] ), is organized as a pair of trees rooted at Event and Entity 1 respectively. The relationships that are the links of the tree structures are IS-A relationships, each of which connects a child semantic type to its parent semantic type.
While the SN is an important abstraction of the META, it is still a difficult mechanism to employ for comprehension due to its large number of semantic types and semantic (i.e., non-IS-A)
relationships. Some previous work has been done to help the visualization and navigation of the 1 A bold font will be used for semantic types.
UMLS knowledge. In [10] , a Hypercard browser of Meta-1 (MetaCard) was adapted to enable users to continue the browsing process, extended from the Metathesaurus to a variety of different knowledge sources. In [11] , a review about visualization and navigation of knowledge in medical domain was presented. In our previous work [12, 13] , we introduced the notion of a metaschema, based on a partition of the SN [14] . A metaschema is a higher-level network that serves as a compact abstraction of the SN. As shown in [12, 13] , the notion of the metaschema offers various compact (partial) views which can help users in their orientation to the SN.
In the current version of the SN with its two-tree hierarchy, each semantic type has at most one parent semantic type and can inherit relationships only from this unique parent. Some semantic types are naturally specializations of more than one semantic type. The tree structure does not allow for this kind of multiple parents arrangement. To improve the SN's structure, we previously presented two methodologies to add IS-A links and obtain the Enriched Semantic Network (ESN), a network similar to the SN but permitting multiple parents [15] . The SN's hierarchy is treestructured, whereas the ESN's is a Directed Acyclic Graph (DAG).
Because the ESN has a more complex hierarchy than the current SN, it is even more critical to develop an ESN metaschema to help in its orientation. In this paper, we will concentrate on extending the notion of metaschema to make it applicable to a DAG hierarchy network and thus to the ESN. We also provide a methodology to derive such a metaschema.
The rest of this paper is organized as follows. Section 2 provides a brief review of the ESN.
Section 3 introduces the notion of metaschema for a network having a DAG hierarchy. We first discuss the requirements that a higher-level network must satisfy in order to be a metaschema. We then describe a method by which a metaschema can be derived from a partition of a network like the SN or the ESN. The separate description is intended to emphasize that for the same network, there may exist several useful metaschemas, corresponding to various partitions of the network.
Section 4 presents two metaschemas of the ESN based on two different partitioning techniques
which have previously appeared [14, 15] . One metaschema is the "qualities metaschema" ("Qmetaschema" for short) based on the partitioning technique in [15] which is a modification of the partition of the SN in [16] ; another is the "cohesive metaschema" ("C-metaschema") based on the technique in [14] . Section 5 contains a comparison and evaluation of the two metaschemas.
A general example is presented to demonstrate how a user can employ a metaschema to help in orientation to the ESN. Other applications of the metaschema to auditing for classification errors and to the prevention of redundant classifications in the UMLS are also briefly discussed.
Conclusions appear in Section 6.
Background
A partition of the SN into 15 groups was previously presented in [16] . Each group in this partition represents a subject area. Six qualities were proposed as desired for such a partition: semantic validity, parsimony, completeness, exclusivity, naturalness, and utility. The semantic validity quality means that each group must be semantically coherent [16] . One way to assess a group's semantic validity is to see if its semantic types together with their IS-A links form a connected subgraph of the SN. This is called the connectivity property [15] . Since the SN's IS-A hierarchy consists of two trees, such a connected subgraph must form a tree with a unique root.
Some groups in the partition of [16] do not satisfy the connectivity property. Each such group comprises two or more trees. For example, the Phenomena group ( We developed another partitioning technique to derive a cohesive partition of the SN in [12, 13, 14] which requires that all groups in the partition must be connected. Following the cohesive partition in [12, 13, 14] , we enforce the connectivity property for all groups in the partition of [16] in the design of the ESN in [15] . We presented four transformations to convert each disconnected group into a new connected group, based on reviews of the definitions of all semantic types within a given disconnected group. During the transformations, new potential IS-A links were identified and then, where appropriate, were added.
In another paper, 2 (Fig. 3) .
We need to develop a metaschema to help in the orientation to the ESN. However, since the ESN is a DAG rather than two trees, the definition of metaschema (as proposed in [12, 13] ) is not [12, 13] the hierarchical relationships of the metaschema were derived under the assumption that each semantic type had at most one parent. This is not true for the ESN. In the next section, we will consider the definition of a metaschema for a network with a DAG-structured hierarchy.
Methods
The SN is an abstraction of the META which can help users in their orientation to the META.
However, since the SN itself is large and complex, we need further help in this orientation task. In [12, 13] , we introduced the cohesive metaschema for the SN, based on the cohesive partition [14] .
The metaschema is a higher-level abstraction network defined with respect to a given partition of a semantic network.
The notion of metaschema defined in [12, 13] assumes that the underlying semantic network had a multiple-tree hierarchy. It was not designed to handle networks having DAG hierarchies, like the ESN. Therefore, we need to extend the definition of metaschema to be able to derive one for the ESN.
We differentiate between the requirements for and the actual derivation of a metaschema. In Section 3.1, we characterize the properties of a metaschema for a given semantic network, independent of the way an actual metaschema is derived. For this, we specify the requirements a network should satisfy to qualify as a metaschema of a DAG hierarchy network. The derivation of a metaschema is described in Section 3.2. The separate description is intended to emphasize that for the same semantic network, there may exist several useful metaschemas, corresponding to various partitions of the network.
Metaschema Requirements
For the requirements of a metaschema, we need some definitions.
Definition (Partition):
A partition of a set V of elements is a family of subsets
That is, a partition of V is a set of disjoint subsets such that each element of V belongs to exactly one subset.
A partition of the set of semantic types of the SN was presented in [16] . For example, the (Fig. 1) . However, the SN is more than the set of its semantic types;
it is a network where the semantic types are connected via hierarchical (IS-A) and non-hierarchical (semantic) relationships. Thus, we need to consider a partition of a graph (network) rather than a set. In particular, we are interested in a partition of the hierarchy of the SN consisting of the semantic types and all the IS-A relationships connecting them. For this, we need the following definition. In all our discussions a graph refers to a directed graph. 
Definition (Partition of a DAG):
A partition of a DAG G = (V, E) based on a partition
Definition (Connected Partition):
A partition of a graph is a connected partition if each of its subgraphs is a connected graph having a unique root. 2
Note that a connected subgraph of a tree must have a unique root, but this is not necessarily true for a DAG. Thus, when dealing with the ESN having a DAG hierarchy, rather than the SN having a tree hierarchy, the requirement for a unique root must be added to the definition.
The partition of the SN hierarchy of [16] is not a connected partition since, for example, the subgraph of the Phenomena group is not connected. (See Fig. 1 .) On the other hand, the partition of the ESN in [15] is a connected partition. For example, see the subgraph of the Phenomenon or Process group in Fig. 3 .
Based on the above definitions, we can define the notion of a metaschema for a DAG as follows.
Definition (Metaschema):
A metaschema of a network G with a DAG hierarchy is a directed network which consists of a set of nodes called meta-semantic types (MSTs) connected via hierar-chical meta-child-of relationships and non-hierarchical meta-relationships satisfying the following two conditions:
1. The set of MSTs represents a connected partition of the given DAG hierarchy.
2.
The hierarchy of the metaschema which consists of MSTs and all the meta-child-of relationships connecting them is a DAG.
The reason for condition 1 is that an MST standing for a set of semantic types, say S, represents the subgraph of G induced by S. That is, a set of semantic types together with all their hierarchical relationships and semantic relationships. The set of subgraphs of G's hierarchy induced by the set of MSTs in a metaschema make up a connected partition of G. The reason for condition 2 is obvious, in order to qualifying for a hierarchy a network must be a DAG, since a cycle contradicts a hierarchy of its nodes.
Metaschema Derivation
We will derive the metaschema based on a connected partition. For each group of the partition, we define a meta-semantic type (MST) to represent the group. The MST is named after the unique root of the corresponding group. We will denote by "root of an MST" the ST which is the root of the semantic type group represented by this MST. After defining the MSTs, we need to derive the meta-child-of relationships and the meta-relationships for the metaschema. 
After we derive the hierarchical meta-child-of relationship for the metaschema, we further derive the meta-relationships between two MSTs as follows. In the Section 4, we will apply the metaschema derivation described to the ESN network with its DAG hierarchy.
Results: Two Metaschemas
For a given semantic network, any connected partition leads to a metaschema. Each such metaschema will be named after its partition. In this section, we present two possible metaschemas for the ESN, both derived using the method given in the previous section.
Qualities Metaschema of the ESN Definition (Qualities Partition): A partition of a set is called a qualities partition if it possesses
the six qualities (principles) listed in [16] : semantic validity, parsimony, completeness, exclusivity, naturalness, and utility. 2
We use "Q-partition" as an abbreviation for "qualities partition" throughout the remainder of the paper.
The partition of the SN in [16] is a Q-partition but not a connected partition. Thus, it cannot be used to derive a metaschema for the SN. However, the partition of the ESN obtained in [15] is a connected Q-partition. Thus, we can derive a metaschema based on the connected Q-partition of the ESN. We refer to the resulting metaschema as the qualities metaschema (Q-metaschema for short).
The hierarchy found in each group in the Q-partition [15] is a tree with a unique root. For each group, we define an MST whose name is the root of the group. Therefore, we get a metaschema of 19 MSTs (see Table 1 ).
Now, we will derive the hierarchical meta-child-of relationships for the Q-metaschema relating to the above Q-partition. For example, the root of MST Phenomenon or Process is the semantic By applying this meta-child-of derivation process to all 19 MSTs, we get the entire Q-metaschema hierarchy consisting of 17 meta-child-of links. Fig. 4 shows this hierarchy. Each node contains the name of the MST and "The # of constituent STs". It is interesting to note that no root of a group in the Q-partition actually has more than one parent. Multiple parents occur only for non-root seman-tic types in the Q-partition. Hence, the hierarchy of the Q-metaschema has a two-tree structure, as did the original SN. 
Cohesive Metaschema of the ESN
The technique for deriving a metaschema for the SN described in [12, 13] first defined the "structure" of a semantic type as the set of its defined relationships, either introduced directly or inherited. Semantic types with the same structure were grouped as one semantic-type group. Thus, a structural partition of the SN was obtained. However, that partition was not connected. By applying the three rules defined in [13] , a cohesive partition was obtained, consisting of cohesive (singly rooted) semantic-type collections. An MST was then defined to represent each cohesive semantic-type collection. It should be noted that elements at the structural partition were called groups to distinguish from elements at the cohesive partition that were called collections. Based on the cohesive partition, the cohesive metaschema of the SN was derived in [12, 13] .
We will now derive a second metaschema of the ESN, referred to as the cohesive metaschema, based on an application of the methodology of [12, 13] . First, we need to obtain a structural partition of the ESN. Note that the structural partition of the ESN will differ from the structural partition of the SN due to the multiple parent configuration and the new distribution of inherited relationships. We will then apply three rules to derive a cohesive partition from the structural partition. Finally, we use the method of Section 3.2 to obtain the cohesive metaschema of the We use "C-metaschema"and "C-partition" as abbreviations for the cohesive metaschema and the cohesive partition of the ESN, respectively.
Cohesive Partition of the ESN
Since the structural partition depends on the relationships defined at semantic types, it is important to note the relationships of the four new semantic types of the ESN. Following the precedent set by the Digital Anatomist Foundational Model [17] , the new Anatomical Entity semantic type in the ESN is defined as "a biologic entity which forms the whole or part of or is an attribute of the structural organization of a biological organism." Thus, Anatomical Entity introduces the part_of relationship directed at Organism 5 instead of having its descendant Anatomical Structure introduce it, as in the current SN. Thus, in the ESN, Anatomical Structure inherits part_of from Anatomical Entity; it still introduce the location_of relationship. The introduction of these relationships is relevant to the structural partition of the ESN, as each of these two semantic types is a root of a semantic-type group.
For the ESN, we get a structural partition consisting of 74 semantic-type groups. We find that most of these contain only one semantic type. Such groups are called singletons. See Table 2 for the distribution of the numbers of groups according to their sizes.
To obtain the C-partition of the ESN, we need to apply the following three rules [13] to the 74 semantic-type groups. However, in applying Rule 2, we found that there are 8 leaf singletons that have multiple parents. Note that some leaves with multiple parents are not singletons as they share the same structure (relationship set) and thus the same group with one of the parents. For example, Vitamin has three parents, but it has the same structure as its parent Biologically Active Substance and is thus in the same group of that semantic type.
Each of the 8 leaf singletons has a different relationships set from all its parents. Besides this, its parents exhibit different structures and thus are not in the same semantic type group. Rule 2 stated that a leaf singleton should be merged into its parent's semantic type collection. In such a case of multiple parents, we need to determine to which semantic-type collection each singleton should be added since each semantic type must belong to exactly one semantic-type collection in the C-partition. For this, we need to differentiate between different kinds of parents of such a singleton. Among the parents, we need to identify only one parent to be considered the "primary parent" of the singleton; other parents will be considered "secondary parents". The singleton will then be merged to the group of its primary parent. Of course, if the singleton has only one parent, then this parent is considered the primary parent. The process of identifying the primary parent is discussed in the following subsection.
Identifying the Primary Parent among Multiple Parents
The process of differentiating multiple IS-A links from a singleton to all its parents is guided by the analysis of the names and definitions of the singleton semantic type and its parents. We provide the following guidelines, which are modifications of our guidelines in [18, 19] .
We distinguish in a definition of a singleton semantic type among three kinds: the descriptive kind, the functional kind, and the characterizing kind For each singleton semantic type having multiple parents, we will find, from all its parent semantic types, which parents are descriptive, which parents are functional and which parents are characterizing. Typically, all parents contribute to the definition of the child; a descriptive parent highlights the essence or nature of the child semantic type; a functional parent highlights the function or usage of the child semantic type; a characterizing parent classifies the kind of knowledge rather than concentrating on the knowledge itself. The only case where such a parent semantic type will be the primary parent of a child semantic type is when the child is also considered characterizing. In all other circumstances, we will pick another parent as primary using the other three cases after removing the characterizing parents from consideration. 2
In each case, the singleton is merged into the collection of its primary parent in the partition.
To capture this situation of a singleton with more than one parent, Rule 2 defined in [12, 13] we review the definition of Gene or Genome, which is defined as "a specific sequence, or in the case of the genome the complete sequence, of nucleotides along a molecule of DNA or RNA (in the case of some viruses) which represent the functional units of heredity." In the definition, the descriptive part is "a specific sequence, or in the case of the genome the complete sequence, of nucleotides along a molecule of DNA or RNA (in the case of some viruses)." The functional part is "which represent the functional units of heredity." Next we review the definitions of its two parents. Fully Formed Anatomical Structure is defined as "an anatomical structure that exists only before the organism is fully formed; in mammals, for example, a structure that exists only prior to the birth of the organism. This structure may be normal or abnormal." This definition is descriptive as no function is discussed. Molecular Sequence is defined as "a broad type for grouping the collected sequences of amino acids, carbohydrates, and nucleotide sequences." This definition is also descriptive since it does not discuss the function or usage of Gene or Genome.
Since both parents are descriptive, we have to use linguistic analysis to distinguish the primary parent from the secondary one. We found that in the definition of Gene or Genome, the primary noun is "sequence"; therefore, Molecular Sequence is the primary parent, and Gene or Genome will be merged into the Molecular Sequence group.
Some leaf singleton semantic types with two parents have one parent which is a characterizing parent, while the semantic type is not of the characterizing kind. Both Body Location or Region and Body Space or Junction have the characterizing Spatial Concept as a parent. Body System has the characterizing Functional Concept as parent. All these parents are considered to be secondary while the primary parent semantic types are Physical Anatomical Entity, and Conceptual Anatomical Entity respectively (where by linguistic analysis "anatomical" is the primary adjective being closer to the noun in the name of the semantic type). Note that although these two primary parents have a characterizing part in their names, namely Physical and Conceptual, these two parts are considered secondary in the names of the parents.
By using the above guidelines, we choose, for each leaf singleton having multiple parents, the primary parent (see Table 3 ). Those singletons will be merged to the groups of their primary parents according to the revised Rule 2 . When applying the three rules to the 74 semantic-type groups, we obtained 29 collections of semantic types, called cohesive semantic-type collections (see Table 4 ).
The "# of STs" column is the number of semantic types in each semantic-type collection. The "# of rel." column in Table 4 is the number of semantic relationships introduced by the root of each semantic-type collection in the ESN. These relationships will imply the meta-relationships when we derive the ESN's cohesive metaschema. Table 3 : Primary/Secondary parents for singletons having multiple parents cohesive partition ("C-partition" for short).
We wish to stress here that the IS-A link from the singleton to the secondary parent is still part of the ESN. It is just labelled so we can determine uniquely the groups of the partition on which the metaschema is based. Interestingly in most cases, the secondary parent was the original parent in the SN, while the connection to the primary parent is a newly added IS-A link.
Derivation of the Cohesive Metaschema
The derivation of the cohesive metaschema (C-metaschema) for the ESN is based on the above C-partition. For each cohesive semantic-type collection, we define an MST to represent it. It is named after the root of the collection. The meta-child-of relationships and meta-relationships are derived as described in Section 3.2. The C-metaschema contains 29 MSTs, 28 meta-child-of relationships and 124 meta-relationships belonging to 31 kinds of relationships. Figure 6 shows the does not have influence on the metaschema itself, since no leaf is an MST in the metaschema, but in the underlying partition, reflected in the number of semantic types for some groups. Figure 7 shows the C-metaschema including all meta-child-of relationships and most meta-relationships.
Unfortunately, there is insufficient space to draw all the meta-relationships. 
Discussion
In [20, 21, 22] we developed techniques to design an upper-level schema for the MED terminology.
Similar techniques used can be applied to other medical terminologies such as the SNOMED-CT to abstract its huge concept hierarchy into a schema of classes of groups of similar structural concepts.
This role of this schema for the given terminology is similar to the role of the Semantic Network for the META of the UMLS. Then our technique in this paper can be applied to derive a simplified metaschema to serve as a higher-level abstract compact view of the schema and indirectly of the concept hierarchy. The metaschema can be used as the first view for the users to simplify and help their orientation.
Comparison of Two Metaschemas
Based on the Q-partition of the ESN in [15] , we obtain the Q-metaschema of the ESN (Fig. 4) .
Modifying the method in [12, 13] , we get the C-partition and the C-metaschema (Fig. 6) Table 5 ). Table 5 : Identical MSTs in Q-metaschema and C-metaschema
There are some obvious differences between the two metaschemas and their underlying partitions. The Q-metaschema contains two trees, while the C-metaschema is a DAG. In the Qpartition, semantic type Organism Attribute and its child Clinical Attribute are part of the Physiologic Function group. However, in the C-partition, these two semantic types form a separate semantic-type collection due to structural differences; hence, there is an MST named Organism Attribute in the C-metaschema. This MST has two parents in the C-metaschema: one is Entity, the other is Physiologic Function. These two meta-child-of relationships make the C-metaschema a DAG.
In the Q-metaschema, the MSTs Clinical Drug and Geographic Area each represent a semantictype collection that contains only a leaf singleton semantic type. In the C-metaschema, there is no such case because Rule 2 explicitly merges each leaf singleton into its parent's group. On the other hand, the C-metaschema contains two MSTs, Natural Phenomenon or Process and Biologic Function, that each represent a semantic-type collection consisting of only one internal (non-leaf) semantic type. This is because a semantic type like Natural Phenomenon or Process has a different structure (relationship set) from its parent and its child, and it is not merged into its parent's group since it is internal node of the DAG.
There are also some other differences between the two metaschemas and their underlying partitions. Some semantic-type collections in the Q-partition are split into several separate semantictype collections in the C-partition, which results in several separated MSTs in the C-metaschema.
These MSTs in the C-metaschema are more refined than the corresponding MSTs in the Q-metaschema (Table 6 ). The number of STs in each MST appears in parenthesis.
MST in Q-metaschema MST in C-metaschema This is because in the C-partition, the leaf singleton Clinical Drug is merged into the group of its parent semantic type Manufactured Object, while in the Q-partition, there is no rule to avoid leaf singletons.
From the above comparison, we can see that the C-metaschema generally provides a more refined abstract view of the ESN than the Q-metaschema. The collections that are similar in the two metaschemas, up to the refinement level, cover 92 semantic types (i.e., 66.7% of the ESN).
There are Although the Q-metaschema captures less semantic relationships than the C-metaschema, it contains less MSTs. Therefore, its network is more compact and simpler than that of the C-metaschema. Hence, the whole Q-metaschema with all its meta-relationships can be displayed on one page. To summarize, both metaschemas have their advantages and disadvantages and each can serve as a compact abstraction of the ESN.
Note that conceptually there is loss of knowledge in a metaschema view versus the complete ESN diagram. The loss occurs both in the nodes and in the links. In the nodes, only the roots of the collections are appearing and represent the rest of the semantic types. In the links, we present only the meta-relationships standing for the semantic relationships defined at the roots of the semantic type collections. Hence, we miss semantic relationships whose sources are non-root semantic types. Furthermore, for the meta-relationships the knowledge of the target ST for each relationship is not reflected is the metaschema. Such knowledge loss is unavoidable whenever we try to capture a large network in a compact abstract view.
However, we note that there is no permanent loss of any knowledge as the metaschema is just the first view a user will employ when orienting herself to the ESN. The user will still have access to all the ESN's elements. In Section 5.2, we show how various partial graphical views, based on the metaschema, provide complete knowledge of small, comprehensible portions of the ESN. In particular, the fact that Figure 7 of the C-metaschema cannot show all the 124 meta-relationships defined for it is not so critical, as the missing meta-relationships and the semantic relationships represented by them will be displayed in the various partial views.
Applications of a Metaschema
In this section, we briefly describe three applications of a metaschema. (These applications were described in detail in [13] .)
The first application uses the metaschema notion for auditing the classification of concepts in the UMLS, where concepts of the META are assigned to one or more semantic types of the ESN. Auditing the META concept classification is a persistent, and perhaps overwhelming, task for UMLS professionals. There is a need to design auditing techniques for the UMLS which will minimize the effort and maximize the probability of finding errors.
Previously published papers have exploited UMLS knowledge to help the auditing of the META. For example, in [23] , Cimino used semantic methods to uncover the UMLS classification errors. Gu et al. [24] and Bodenreider [25] , respectively, described techniques to support the maintenance of the META by constructing object-oriented models of the UMLS. Hole demonstrated a new method to find missed synonymy in the META [26] .
Metaschemas, too, can be used to help uncover classification errors in the META. In a metaschema, we have grouped closely related semantic types into semantic-type collections and abstracted these into meta-semantic types. Since a concept may be assigned to several semantic types, it may also be associated with several meta-semantic types. However, it is more likely that a concept will be erroneously assigned to several semantic types residing in different meta-semantic types than to several semantic types of the same meta-semantic type. The reason is that, in general, two semantic types of the same meta-semantic type belong to the same domain. On the other hand, if two semantic types are in two different meta-semantic types, they belong to two different domains. This observation leads to the idea of an audit that concentrates on concepts which are associated with several meta-semantic types. The idea is that such concepts are more likely to be in error than other concepts, and the effort to review them is limited since their number is not very large. For more details and examples, see [27] .
One example is the concept SERIAL ANALYSIS OF GENE EXPRESSION that was assigned to Plant and Research Activity simultaneously. In the C-metaschema, these two semantic types belong to MSTs Plant and Research Activity, respectively. The MST Plant consists of semantic types residing in the Entity part of the ESN, while the Research Activity contains semantic types residing in the Event part. They are quite different in nature. Hence, the classification of a concept assigned to these two MSTs is suspicious. As a matter of fact, from the name of the concept, we see that the assignment of the concept to Plant is erroneous and should be removed. A typical user for this application is an NLM employee who is an auditor of the UMLS concept classifications.
He (or she) can utilize the metaschema to help in detecting classification errors.
The second application is using various kinds of graphical views, based on the metaschema, to enhance user orientation to the ESN. These views include: application is a medical informatics student or professional which is not familiar with the SN of the UMLS and is trying to achieve an orientation into the SN.
For the third application the user is an NLM employee classifying concepts of the UMLS who can use the graphical views, provided by a metaschema framework, to help detect and avoid redundant classifications within an MST. A classification of a concept to a semantic type while it has a simultaneous assignment to a descendant of the semantic type is called a redundant classification and is forbidden in the UMLS [28] . We demonstrate this with regards to classifications involving chemicals and will use the Chemical collection subnetwork view (Fig 11) . The following statistics demonstrate that such users might need help of graphical views in determining concept classification. In [29] , while reviewing all intersections of semantic types in the SN of the 1998 version of the UMLS, we discovered that 8,622 concepts had redundant
classifications. This group of redundant classifications was reported to the NLM so they could be omitted in subsequent releases. Recently, a follow-up audit was performed on the 2001 UMLS to determine the status of these 8,622 concepts. It was found that a portion (38.3%) of the redundant classifications were properly removed. However, a large number of them (57%) were still present.
A third portion (4.7%) of the redundant classifications were partially treated. For instance, an existing redundant classification was removed, and a new assignment to another semantic type was added instead, only to create a new redundancy. The graphical views provided by a metaschema framework might help such users in concept classification, especially in avoiding creating new redundant classifications while removing existing redundant classifications.
Conclusion
The UMLS's Semantic Network (SN) provides an abstract view for its Metathesaurus and helps with its comprehension. However, the SN itself can be hard to comprehend since it is complex and large. At the same time, the SN does not allow for multiple parents and multiple inheritance. The ESN with its DAG structure [15] , enabling multiple parents, is more accurate but also more complex than the SN. In this paper, we presented the requirements for and derivation of metaschemas that support the comprehension of the ESN. We obtained a "qualities metaschema"
(Q-metaschema) based on the qualities partition (Q-partition) and the "cohesive metaschema" (Cmetaschema) based on the cohesive partition (C-partition). We compared the two metaschemas and their underlying partitions. The Q-metaschema is a more compact metaschema, and the Cmetaschema is more refined. Each metaschema can be used as compact abstract layer of the ESN to help in its comprehension. Potential applications of metaschemas were described.
